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Decrease of anti-cyclic citrullinated peptide antibodies and
rheumatoid factor following anti-TNFa therapy (infliximab)
in rheumatoid arthritis is associated with clinical
improvement
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Objective: To investigate the effect of infliximab treatment on anti-cyclic citrullinated peptide antibodies
(anti-CCP) and rheumatoid factor (RF) in patients with rheumatoid arthritis.
Methods: 43 patients with rheumatoid arthritis not responding to disease modifying anti-rheumatic drugs
(DMARD) received intravenous infliximab at a dose of 3 mg/kg at baseline and after two and six weeks,
and subsequently bimonthly, in combination with methotrexate. Serum samples were collected at baseline
and at week 24. A commercial enzyme linked immunosorbent assay was used to test for anti-CCP
antibodies; RF were detected using a quantitative nephelometric assay.
Results: At baseline, 38 of the 43 patients (88%) were positive for anti-CCP antibodies, and 41 (95%) were
positive for RF. The serum titre of anti-CCP and RF decreased significantly after six months of treatment
(p = 0.0001 and p,0.0001, respectively). When the patients were grouped on the basis of their clinical
response to infliximab, a significant decrease in serum anti-CCP antibodies and RF was observed only in
patients who had clinical improvement (ACR 20 and ACR 50).
Conclusions: Anti-TNFa treatment in rheumatoid arthritis results in a decrease in the serum titres of RF and
anti-CCP antibodies in patients showing clinical improvement, suggesting that these measurements may be
a useful adjunct in assessing treatment efficacy.

R
heumatoid arthritis is a polyarticular chronic inflamma-
tory disease characterised by synovial pannus formation
leading to cartilage destruction and bone erosion. Over

the last decade, elucidation of the pathogenic mechanisms
driving synovial inflammation and tissue damage in this
disease, in particular over the key role of pro-inflammatory
cytokines such as tumour necrosis factor a (TNFa) and
interleukin 1 (IL-1), has led to the development and clinical
use of biological agents that bind to and inactivate these
cytokines. In particular, treatment with infliximab—an anti-
TNFa monoclonal antibody—often results in high clinical
efficacy, delay in radiological progression, decrease in serum
C reactive protein, and downregulation of inflammatory
cytokines stimulated by TNFa.1–4 However, despite an
impressive overall clinical impact, more than one quarter of
patients still have a poor response to these biological agents
on the basis of both clinical and radiological evaluation.5 So
far, no reliable indices have been identified as possible
predictive factors for the clinical response in patients under-
going treatment with infliximab. In addition, as up to 40% of
patients with rheumatoid arthritis experience progression
towards an erosive pattern in the early stages of the disease,6

early diagnosis is crucial so that aggressive treatment can be
initiated to delay major articular damage and preserve joint
function.
Together with the classical clinical features of the disease,

serological abnormalities such as the presence of rheumatoid
factors (RF) and, more recently, anti-cyclic citrullinated
peptide antibodies (anti-CCP) have been shown to be useful
diagnostic tools—particularly in the early stages of the
disease—and to be predictive of disease progression and
radiological damage.7–10 In particular, anti-CCP seem to
possess a strong specificity for rheumatoid arthritis, though
this was accompanied by a relatively poor sensitivity using

the first generation anti-CCP test (anti-CCP1).7 11 However,
the currently available so called second generation anti-CCP
test (anti-CCP2) has been shown to retain a high specificity
for rheumatoid arthritis accompanied by a reasonable
(,80%) sensitivity.12–14

Nevertheless, no data are actually available regarding
variations in the titre of anti-CCP during treatment with
biological agents such as anti-TNFa, and no study has
focused on RF modification during infliximab treatment. In
this study we measured anti-CCP and RF at baseline and
after six months in patients undergoing infliximab treat-
ment. A complete clinical and laboratory evaluation of
indices of disease activity was also assessed before and after
treatment.

METHODS
Patients and samples
Forty three patients (35 female and eight male, median age
57 years, range 27 to 78) meeting the American College of
Rheumatology (ACR) criteria for rheumatoid arthritis15 were
enrolled in the study. Patients were seen at the division of
rheumatology, Università La Sapienza (Rome), at the
rheumatology and clinical immunology unit, Brescia
Hospital (Brescia), and at the department of rheumatology,
G Pini Hospital (Milan). All patients had a history of failed
treatment with at least one disease modifying antirheumatic
drug (DMARD). Patients were allowed to continue DMARDs,
steroids, and non-steroidal anti-inflammatory drugs at a
stable dose for at least four weeks before and during
infliximab treatment. Patients received infliximab at a dose

Abbreviations: ACR, American College of Rheumatology; CCP, cyclic
citrullinated peptide; DMARD, disease modifying antirheumatic drug;
HCV, hepatitis C virus; RF, rheumatoid factor
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of 3 mg/kg at baseline and after two and six weeks, and
subsequently bimonthly. Methotrexate was given in a dose of
10 to 20 mg weekly. In addition to methotrexate, hydroxy-
chloroquine (200 to 400 mg daily) and steroids (maximum
daily dose 10 mg of oral prednisone or equivalent) were also
permitted.
After obtaining informed consent, we collected blood

serum samples from all patients at baseline and after six
months of anti-TNFa treatment. The sera were stored at
220 C̊ until assayed.

Clinical and laboratory assessments
The main clinical and laboratory variables assessed were the
erythrocyte sedimentation rate (ESR), C reactive protein,
tender and swollen joint count, patient’s assessment of pain,
patient’s assessment of disease activity, physician’s global
assessment of disease activity, and the health assessment
questionnaire (HAQ). These variables were evaluated at
baseline and after six months of anti-TNFa treatment. The
ACR response to therapy16 was also recorded before and after
six months of treatment.

Anti-CCP and RF
All the serological determinations were centralised in Rome,
at the rheumatology department of the Università La
Sapienza.
Anti-CCP antibodies were detected using a commercial

anti-CCP2 enzyme linked immunosorbent assay kit (Axis
Shield, Dundee, UK), following the manufacturer’s instruc-
tions. Briefly, microtitre plates were incubated for 60 minutes
at room temperature with serum samples diluted at 1:100 in
phosphate buffered saline. Prediluted anti-CCP standards
and positive and negative controls were added to each plate.
All assays were done in duplicate. After three washes, plates
were incubated for 30 minutes at room temperature with
alkaline phosphatase labelled murine monoclonal antibody
to human IgG. After three further washes, the enzyme
reaction was developed for 30 minutes, stopped with sodium
hydroxide-EDTA-carbonate buffer, and the plates read at
550 nm wavelength. Anti-CCP were considered positive when
the absorbance value was higher than the cut off of the kit
(5 U/ml). The concentration of anti-CCP autoantibody was
estimated by interpolation from a dose–response curve based
on standards.
RF was assayed using quantitative immunonephelometry

test (Behring, Marburg, Germany). RF was considered
positive when the concentration was higher than the cut
off value of the kit (15 IU/ml).
All serum samples with high concentrations of RF or anti-

CCP antibodies were further quantified at a greater sample
dilution.
To verify the specificity of our assays, we tested for anti-

CCP antibodies and RF sera from 30 normal human blood
donors and 37 patients with hepatitis C virus (HCV).

Statistical analysis
The x2 test was used for testing the significance of differences
in baseline autoantibodies. Differences between groups were
analysed using the Mann–Whitney U test, and analysis for
matched pairs was done with Wilcoxon’s signed rank test. To
assess whether the variation in anti-CCP and RF correlated
with variation in the laboratory and clinical indices incor-
porated in the ACR criteria for clinical response to treat-
ment, differences in each variable before and after treatment
were expressed as a percentage of the baseline value,
and correlation analysis was carried out using the
Spearman test. A probability (p) value of ,0.05 was
considered significant.

RESULTS
Clinical response
Changes in the main clinical and laboratory indices during
infliximab treatment are given in table 1. After six months,
22 of 43 patients (51%), 13 of 43 (30%), and four of 43 (9.3%)
fulfilled the ACR 20%, 50%, and 70% criteria for clinical
response, respectively. Although a decrease in both ESR
(from 42 to 32 mm/h) and C reactive protein (from 24 to
18 mg/l) was observed after treatment, the differences were
not statistically significant.

Anti-CCP antibodies and RF
At baseline, 38 of the 43 patients with rheumatoid arthritis
(88%) were positive for anti-CCP antibodies, and 41 of 43
(95%) were positive for RF. A strong correlation between
anti-CCP and RF at baseline was observed (x2, p=0.003;
Spearman, p=0.006). None of the 37 HCV patients or the 30
normal human donors was positive for anti-CCP antibodies,
while RF were detected in six of the 37 HCV patients (16%).
No clinical differences at baseline were observed among the
patients according to whether they were positive or negative
for anti-CCP or RF.

Anti-CCP antibodies and RF variation during
infliximab treatment
Though no patients who were positive for anti-CCP or RF at
baseline became negative following the anti-TNFa treatment,
the serum titre of anti-CCP antibodies and RF decreased
significantly after six months of treatment (p=0.0001 and
p,0.0001, respectively) (table 1). When we grouped the
patients on the basis of their clinical response to infliximab, a
significant decrease in serum levels of anti-CCP antibodies
and RF was observed only in those who were clinically
improved according to ACR 20 and ACR 50 criteria (table 2);
no significant change in anti-CCP values was observed in
patients treated with methotrexate alone (data not shown).
It is likely that the ACR70 group was too small to show any
significant change in anti-CCP or RF. In addition, we could
show that variation in anti-CCP was positively correlated
with variation in the tender joint count (p,0.02, r=0.42),
while no correlation was found with the other indices. We
did not find any correlation between variation in RF and
variation in clinical and laboratory indices after treatment.
When grouping patients with rheumatoid arthritis accord-

ing to ACR response at six months, the anti-CCP titre at
baseline showed a progressive reduction, with higher levels in
patients who did not respond to ACR criteria, and progres-
sively lower titres in those who met ACR 20, ACR 50, and
ACR 70 responses (fig 1A), although these differences did not
reach statistical significance. On the other hand, we did not
observe any significant difference between RF serum levels at
baseline in the different groups (fig 1B).

Table 1 Main clinical characteristic of patients with
rheumatoid arthritis at baseline and after 24 weeks of
infliximab treatment

Variable Week 0 Week 24 p Value

Tender joint count (0–44) 15 (2 to 44) 10 (0 to 44) ,0.0001
Swollen joint count (0–44) 10 (0 to 30) 4 (0 to 27) ,0.0001
ESR (mm/h) 42 (18) 32 (21) NS
C reactive protein (mg/l) 24 (21) 18 (28) NS
Anti-CCP (IU) 107 (9.5) 92 (9.8) 0.0001
RF (IU) 512 (151) 409 (166) ,0.0001

Values are mean and range or mean (SD).
CCP, cyclic citrullinated peptide; ESR, erythrocyte sedimentation rate; RF,
rheumatoid factor.
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DISCUSSION
The so called anti-filaggrin antibodies (AFA) represent a
group of rheumatoid arthritis specific antibodies originally
described in 1964 as ‘‘anti-perinuclear factor’’ (APF)17 and in
1979 as anti-keratin antibodies.18 These antibodies where
subsequently shown to be directed against the epithelial
intermediate filament associated protein filaggrin,19 which is
involved in the aggregation of cytokeratin filaments during
cornification of the epidermis. It has recently been shown
that filaggrin citrullination is an essential step in its
immunogenicity,20 21 and cyclic citrullinated peptides were
subsequently used as antigens in ELISA testing to detect anti-
CCP antibodies, leading to the generation of the current anti-
CCP tests. Since the first development of the ELISA for

anti-CCP, these antibodies have shown a high specificity (96–
98%) and a reasonable sensitivity for the diagnosis of
rheumatoid arthritis (60–75% for anti-CCP1 and ,80% for
the second generation anti-CCP2 test).7–14 20

Anti-CCP have been found in the early phases of
rheumatoid arthritis,8 22 with a significantly greater preva-
lence in sera of patients who subsequently develop more
severe radiological damage.7–10 Recently, Visser et al described
a clinical prediction model which includes evaluation of anti-
CCP antibodies, and can discriminate between self limiting,
persistent non-erosive, and persistent erosive arthritis.23 The
role of anti-CCP as an early predictor for identifying patients
at risk of more aggressive and erosive disease might be of
great importance as it has been suggested that early and
aggressive treatment—even with the use of biological
agents—can prevent the progression of joint damage.5

In this study we showed a significant decrease in the titre
of anti-CCP and RF in sera of the patients after 24 weeks of
anti-TNFa treatment with infliximab. While a reduction in
RF after infliximab has already been described, though in a
small subgroup of patients,24 this is the first evidence of
downregulation of anti-CCP following anti-TNF treatment.
The relatively high prevalence of patients who were positive
for anti-CCP and RF at baseline in our study (88% and 95%,
respectively) reflects the probable selection of patients with
more aggressive disease, who were resistant to previous
DMARD treatment and were eligible for anti-TNFa. This
provides indirect confirmation of the association between
anti-CCP and a more severe disease course.
Although none of the patients who were positive for RF

and anti-CCP at baseline became negative during follow up,
we observed a significant decrease in the titre of these
autoantibodies after six months of treatment with infliximab.
The importance of this observation is strengthened by
evidence that a significant decrease in the titre of these
autoantibodies occurs only in patients who are clinically
improved after six months of treatment with infliximab.
Moreover, we were able to show that variation in anti-CCP
levels after treatment was positively correlated with variation
in the tender joint count. Thus, modification of serum anti-
CCP seems to parallel the improvement in clinical and
laboratory variables observed during treatment with inflix-
imab. Furthermore, the importance of a quantitative evalua-
tion of anti-CCP is suggested by our observation that lower
levels of anti-CCP antibodies at baseline seemed to predict a
better clinical response after six months of treatment with
infliximab. This observation needs confirmation in larger
studies, but is of particular importance because, in contrast to
Crohn’s disease,25 26 no predictor of clinical response to
infliximab has as yet been identified.
While no data are currently available on the prognostic

importance of a quantitative evaluation of anti-CCP levels in
patients with rheumatoid arthritis, it has been shown that a
high titre (.1:160) of RF at baseline is an independent

Table 2 Statistical evaluation of decrease in anti-CCP and RF serum levels in patients with
rheumatoid arthritis in relation to clinical improvement after infliximab treatment

ACR response

Anti-CCP (IU) RF (IU)

Week 0 Week 24 Week 0 Week 24

,20% (n = 21) 116 (62) 106 (66) 445 (466) 321 (332)
ACR 20 (n = 22) 94 (59) 77 (62)* 359 (310) 231 (247)*
ACR 50 (n = 13) 87 (66) 71 (67)* 325 (343) 189 (210)*
ACR 70 (n = 4) 61 (74) 45 (73) 466 (439) 265 (303)

Values are mean (SD).
*p,0.01.
ACR, American College of Rheumatology (criteria for response); CCP, cyclic citrullinated peptide; RF, rheumatoid
factor.

Figure 1 (A) Box and whisker plot of anti-cyclic citrullinated peptide
(CCP) serum levels at baseline, classified according to American College
of Rheumatology (ACR) response rate after infliximab treatment.
Median, quartiles, and ranges are shown. (B) Box and whisker plot of
rheumatoid factor (RF) serum levels at baseline, classified according to
ACR response rate after infliximab treatment. Median, quartiles, ranges,
and a possibly extreme value are shown.
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predictor of deteriorating radiographic damage after five
years from the time of presentation.27 Thus our findings
suggest that serial evaluation of these antibodies could
be useful in monitoring the clinical course of the disease,
at least in patients undergoing treatment with infliximab.
Nevertheless, this study is relatively short term, with a follow
up limited to 24 weeks, and further studies in a larger cohort
of patients and with longer follow up are needed to
determine the prognostic value of anti-CCP antibodies and
RF in patients treated with infliximab (in relation to both
clinical and radiological progression).
The mechanisms whereby blocking of TNFa by infliximab

could lead to a decrease in the generation of autoantibodies
such as anti-CCP and RF are not understood, and explanation
of this phenomenon remains speculative. However, it has
been shown that infliximab can downregulate the production
of several inflammatory cytokines and mediators,4 28 and
these anti-inflammatory effects may account for the reduc-
tion in autoantibody generation, particularly in the synovial
compartment.
It has also been shown that citrullination represents a post-

translational modification of proteins in the apoptotic
process,29 and that citrullinated fibrin is one of the major
citrullinated proteins in rheumatoid synovium, and so
represents an important antigenic target of anti-filaggrin
antibodies.30 It has been found that anti-TNFa treatment can
modulate apoptotic processes, as recently shown in inflam-
matory bowel disease,31 so it is possible that regulation of
apoptosis following TNFa blockade could partially explain
our observation. However, further studies are needed to
determine whether changes in serum levels of anti-CCP
during infliximab treatment are related to modulation of
apoptotic cell death.

Conclusions
Our results suggest that evaluation of anti-CCP antibodies
and rheumatoid factor may be useful in clinical practice, not
only as a diagnostic tool but also for predicting possible
clinical improvement with anti-TNFa therapy.
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